Abstract: A series of 1,2,4,9,10,12-hexaazadispiro[4.2.4.2]tetradeca-2,10-dienes 5a-j was synthesized by the reaction of 1,4-cyclohexanedione dioxime (3) with appropriate nitrilimines (2). The microanalysis and spectral data of the synthesized compounds are in full agreement with their molecular structure. The microbial features of some of the synthesized compounds were studied by a known method.
INTRODUCTION
Recently, a versatile and efficient one-pot synthesis of octaazadispiroheterocyclic compounds was described in which 1,4-cyclohexanedione methyl hydrazone and nitrilimines, generated in situ from the corresponding hydrazonoyl halides by the action of a suitable base, were utilized. 1 As part of our continuing interest in the construction of spiroheterocyclic systems by means of the nitrilimine 1,3-dipolar cycloaddition methodology, 2-5 the reaction of C-substituted-N--arylnitrilimines (2) with 1,4-cyclohexanedione dioxime (3) in an attempt to synthesize the hitherto unknown hexaazadispiroheterocyclic compounds 5a-j is reported herein, with the aim of investigating their biological activities. RESULTS 
AND DISCUSSION
The hydrazonoyl halides 1a-j were prepared by a modified literature procedure [6] [7] [8] [9] [10] [11] [12] [13] [14] and the nitrilimines 2 were generated in situ from 1 by reaction with triethylamine (Et 3 N). The non-isolatable nitrilimines 2 reacted readily with 1,4--cyclohexanedione dioxime 3 affording the corresponding 1,2,4,9,10,12-hexaaza-dispiro[4.2.4.2]tetradeca-2,10-dienes 5a-j (Scheme 1). The formation of compounds 5a-j is assumed to involve the primary cycloadducts 4, which tautomerize to amine oxide-type intermediates that are deoxygenated by triethylamine to NH triazoles 5a-j. It is worth mentioning that the nitrile oxides generated in situ from the respective hydroxamoyl chlorides with triethylamine as the base react with oximes to give 4-hydroxy-4,5-dihydro-1,2,4-oxadiazoles. 15 Scheme 1. Synthetic pathway for the preparation of compounds 5a-j.
Characterization data for the synthesized compounds 3, 2, 4, 9, 10, (4-methylphenyl)-3,11-bis(phenylaminocarbonyl)-1,2,4,9,10,12-hexa 
1,9-Bis

1,9-Bis(4-chlorophenyl)-3,11-di-2-furoyl-1,2,4,9,10,12-hexaazadispiro-[4.2.4.2]tetradeca-2,10-diene (5i
Spectral data analysis
Compounds 5a-j gave satisfactory analyses for the proposed structures which are confirmed on the bases of their spectroscopic data. The electron impact (EI) mass spectra displayed the correct molecular ions (M + ) in accordance with the suggested structures. The base peak in all these compounds was that of the con-jugated vinyl triazole cation (Scheme 2). This fragmentation pattern is well known for cycloalkanones. 16 Scheme 2. The main fragmentation of compounds 5a-j.
The IR spectra for 5a-j showed absorption bands in the region 3380-3360 cm -1 and 1680-1650 cm -1 , assignable to NH and carbonyl group signals, respectively. Their 1 H-NMR spectra revealed, besides aromatic protons at 8.5-7.1 ppm, a D 2 O exchangeable singlet signal in the region 5.7-5.6 ppm, assignable to the triazole ring NH proton. The 13 C-NMR spectra showed all the signals expected for the proposed structures and, in particular, the C5 and C8 signals (spiro carbons) were found at about 95-85 ppm. This is similar to reported values for spiro carbons flanked by two nitrogen atoms in five-membered heterocycles, [3] [4] [5] which provides strong evidence in support of the structures 5a-j. The signal at about 148 ppm was attributed to the C=N of the triazole ring. The 15 N-NMR spectra of similar triazoles, such as 3-acetyl-5,5-dimethyl-1-phenyl-4,5-dihydro-1,2,4-triazole, which displayed a doublet for NH at 284.26 ppm relative to nitromethane ( 1 J N-H = 85 Hz, 3 J N-CH 3 = 2.5 Hz) were reported to support the suggested structure of the reaction products. 17 Further work on the structures of the synthesized compounds is ongoing.
Antimicrobial activity
The obtained antimicrobial activity data is reported in Table I as the average of three experiments. The results showed that all the tested compounds exhibited a marked degree of activity against bacteria and fungi compared with wellknown antibacterial and antifungal substances, such as tetracycline and fluconazole. According to NCCLS (2004), zones of inhibition for tetracycline and fluconazole < 14 mm were considered resistant, between 15 and 18 mm as weakly 1478 DALLOUL and SAMAHA sensitive and > 19 mm sensitive. In addition, the results showed the degree of inhibition varied between the tested compounds. 
EXPERIMENTAL
All melting points were determined on an A. Krüss Melting Point Meter equipped with a thermometer and are uncorrected. The IR spectra were measured as potassium bromide pellets using a Satellite 3000 Mid infrared spectrophotometer. The 1 H-NMR and 13 C-NMR spectra were recorded on a Bruker AM 300 MHz spectrometer at room temperature in DMSO-d 6 solution using tetramethylsilane (TMS) as the internal reference. Chemical shifts were recorded as δ values in ppm downfield from the internal TMS. Electron impact (EI) mass spectra were run on a Shimadzu GCMS-QP1000 EX spectrometer at 70 eV. Elemental analyses were performed at Cairo University, Egypt. The hydrazonoyl halides 1a-j 6-14 and 1,4-cyclohexanedione dioxime 3 18 were prepared according to literature procedures. Tetrahydrofuran (THF) and triethylamine were purchased from Avocado Research Chemicals, England, and used without further purification.
General procedure for the reaction of nitrilimines 2 with 1,4-cyclohexanedione dioxime (3)
Triethylamine (0.05 mol, 7 mL) in tetrahydrofuran (10 mL) was added dropwise to stirred mixture of oxime 3 (0.025 mol) and the appropriate hydrazonoyl halides 1a-j (0.05 mol) in tetrahydrofuran (70 mL) at -5-0 °C. The reaction temperature was allowed to rise slowly to room temperature and stirring was continued over night. The precipitated salts were filtered off and the solvent was then evaporated. The residue was washed with water (100 mL) and in few cases the gummy products were triturated with ethanol (10 mL). The crude solid product was collected and recrystallized from ethanol to give the desired compounds.
Antimicrobial activity testing
Six of the newly synthesized compounds were screened in vitro for their antimicrobial activity against a variety of bacterial strains, such as Enterococcus sp., Escherichia coli, Staphylococcus aureus, Klebsiella sp. and Proteus sp., and fungi, such as Aspergillus niger, Candida albicans, employing the nutrient agar disc diffusion method 29-21 at a concentration of 10 mg mL -1 in dimethylformamide (DMF) and disc diameter of 6.5 mm by measuring the average diameter of the inhibition zone in mm.
CONCLUSIONS
Several new 1,2,4,9,10,12-hexaazadispiro[4.2.4.2]tetradeca-2,10-dienes were synthesized and characterized, and some of them proved to have potent antibac-terial and antifungal activity. The results confirm that the antimicrobial activity is strongly dependent on the nature of the substituents at C3 and C11 of the triazole rings.
